Plastocyanin is soluble at high concentrations (>3 M) of (NH4)2SO4 but under these conditions will adsorb tightly to unsubstituted Sepharose beads. This observation was utilized to purify plastocyanin from pea (Pisum sativum) in two chromatographic steps. Sepharose-bound plastocyanin was eluted with low-ionic-strength buffer and subsequently purified to homogeneity by DEAE-cellulose chromatography.
Plastocyanin, a copper-containing protein of the photosynthetic electron-transport chain that donates electrons to the Photosystem I complex (Lien & San Pietro, 1979) , has been purified from a number of plants, including spinach (Spinacia oleracea) and French bean (Phaseolus vulgaris) (Katoh, 1971; Milne & Wells, 1970) . Purification schemes used have included fractionation with acetone and (NH4)2SO4 (Katoh, 1971) , followed by repeated chromatography on ion-exchange resins and gel filtration. These procedures usually require at least three and up to five chromatographic steps (Gorman & Levine, 1966) . In the present paper we describe a method for the purification of plastocyanin that employs two chromatographic steps. This procedure was used to purify pea (Pisum sativum) peaks at 460nm, 597nm and 770nm, which disappear on reduction.
A number of chromatographic supports were examined for the ability to adsorb plastocyanin from solutions containing (NH4)2SO4. Sepharose 4B and Sephacryl S-200 were the most effective column adsorbents, binding plastocyanin at the top of the column, whereas cellulose and Sephadex G-150 or G-25 were much less effective and easily became saturated with plastocyanin. Polyacrylamide-based resins P4 and P-200 showed little affinity for plastocyanin. Table 1 lists the results of batch adsorption of plastocyanin from 3.5 M-(NH4)2SO4 (90% satd.). Sephacryl S-200 was the most effective adsorbent, whereas Sepharose 4B also bound substantial amounts of plastocyanin. The other adsorbents did not bind appreciable amounts of plastocyanin, although cellulose and the Sephadex resins were again relatively better adsorbents than the polyacrylamide resins.
Why does plastocyanin adsorb to Sepharose as we have described? It is probably not zone precipitation as described by Porath (1979) , since adsorption occurs at constant ionic strength, and furthermore, adsorption of plastocyanin is strictly dependent on the nature of the chromatographic support, whereas zone precipitation should be independent of the nature of the support. Fujita et al. (1980) have reported that yeast enzymes bind to cellulose at high ionic strength and can be eluted by hydroxy-group-rich ligands such as glycerol or sucrose in a procedure they describe as 'hyd'ogen-bond chromatography'.
Inclusion of 1 M-sorbitol in the presence of (NH4)2SO4, however, retards rather than enhances the elution of plastocyanin from Sepharose 4B, indicating that these two phenomena are different.
The plastocyanin-Sepharose interaction is reminiscent of hydrophobic chromatography in that adsorption occurs at high ionic strength and elution is accomplished at low ionic strength (Hofstee & Otillio, 1978) . Hydrophobic interactions may not be the sole driving force, however, since the adsorption of plastocyanin can occur in the presence of 1% (v/v) Triton X-100. Furthermore, chromatography at 240C causes a more rapid elution of plastocyanin rather than the retardation expected for a purely hydrophobic interaction.
The data in Table 1 indicate that carbohydratebased resins are necessary for significant adsorption, suggesting that the pyranose rings are important in the adsorption process. It is noteworthy that agarose (Sepharose 4B), which is the best unmodified carbohydrate support, consists of alternating D-galactose (or 6-O-methyl-D-galactose) and 3,6-anhydro-L-galactose residues (Percival, 1970) , which could provide the site for hydrophobic interactions with plastocyanin.
We have found that pea ferredoxins can also be adsorbed to Sepharose 4B at high ionic strength in a process that is very similar to that which we have described for plastocyanin . In this procedure, however, the two electron carriers are separated before Sepharose 4B chromatography, since all the ferredoxin of the chloroplast is found in the stromal fraction after lysis of the chloroplasts, whereas the plastocyanin remains attached to the thylakoid membranes. Preliminary experiments show that ferredoxin and plastocyanin can be separated on the Sepharose 4B column (ferredoxin being more tightly bound than plastocyanin), suggesting that a combined purification of plastocyanin and ferredoxin is feasible. This work was supported by grant PCM 79-26167 from the U.S. National Science Foundation.
